Abstract: The distribution of a linear combination of random variables arise in many applied problems, and have been extensively studied by different researchers. This article derived the exact distribution of the linear combination aX + bY , where a > 0 and b are real constants, and X and Y denote gamma and Rayleigh random variables respectively and are distributed independently of each other. The associated cdfs and pdfs have been derived. The plots for the cdf and pdf, percentile points for selected coefficients and parameters, and the statistical application of the results have been provided. We hope the findings of the paper will be useful for practitioners in various fields.
Introduction
X and Y are gamma and Rayleigh random variables and are distributed independently of each other.
The organization of this paper is as follows. In Section 2, the derivations of the cdfs and pdfs of linear combination aX + bY and corresponding plots have been provided. Percentage points of the new distribution for some selected parameters are given in Section 3. As an application, an example has been considered in Section 4. Some concluding remarks are provided in Section 5.
The derivations of the associated cdf's and pdf's in this paper involve some special functions, which are defined as follows. For details on these, see, for example, Abramowitz and Stegun (1970) , Gradshteyn and Ryzhik (2000) , Lebedev (1972) , and Prudnikov et al. (1986) , among others. The integrals Γ(α) = 
, is known as the confluent hypergeometric function of Kummer. The series
Distributions of the Linear Combination
Let Z = aX + bY , where a > 0 and b are real constants, and X and Y denote gamma and Rayleigh random variables respectively and are distributed independently of each other.
In what follows, we consider the derivation of the distribution of the linear combination Z = aX + bY . The gamma and Rayleigh random variables are defined as follows. Gamma Distribution: A continuous random variable X is said to have a gamma distribution if its pdf f X (x) and cdf F X (x) = P (X ≤ x) are, respectively, given by
and 
and
2.1 Derivation of the CDF and PDF of Z = aX + bY 
Proof: Using expression (2) for the cdf of a gamma random variable X and expression (3) for the pdf of a Rayleigh random variable Y , the cdf of the RV Z = aX + bY is given Austrian Journal of Statistics, Vol. 38 (2009), No. 1, 33-44 by
The result for cdf in (5) easily follows by using the substitution
, and the definition of the incomplete gamma function in (7). The pdf expression in (6) is easily obtained by differentiating the cdf in (5). Theorem 1.2: Let Z = aX + bY , where X is a gamma random variable with pdf (1) and cdf (2), Y is a Rayleigh random variable with pdf (3) and cdf (4), and a and b are real constants. Suppose, without loss of generality, that a > 0. Then, if b < 0 and z ≤ 0, the cdf and pdf of Z are respectively given by
where
Proof: Expressions (8) and (9) can be easily established similar to the Theorem 1.1. Theorem 1.3: Let Z = aX + bY , where X is a gamma random variable with pdf (1) and cdf (2), Y is a Rayleigh random variable with pdf (3) and cdf (4), and a and b are real constants. Suppose without loss of generality that a > 0. Then, if b < 0 and z > 0, the cdf and pdf of Z are respectively given by
Proof: Expressions (10) and (11) can be easily established similar to Theorem 1.1.
Corollary 1: Let Z = aX + bY , where X and Y are distributed according to (1) and (3), respectively, and a and b are real constants. Suppose α = 1 in (1). Then, using the special properties of incomplete gamma and error functions, it is easy to see that the cdf and pdf of Z can be expressed as follows:
Austrian Journal of Statistics, Vol. 38 (2009), No. 1, 33-44 (ii) for b < 0, β > 0, σ > 0, and z ≤ 0,
The results in corollary 2.1 coincide with that of Kibria and Nadarajah (2007) , where they considered the distribution of the linear combination of exponential and Rayleigh distribution. 
Remark: Using the definition of parabolic-cylinder function D p (·) and confluent hypergeometric function 1 F 1 (·), as discussed in Section 1, one can easily obtain the expressions for the cdf and pdf of Z = aX + bY in terms of these special functions for cases (ii) and (iii) of Corollary 1.
Corollary 3: Suppose X and Y are distributed according to (1) and (3), respectively. Suppose α = 1 in (1). Then, one can easily obtain the cdf and pdf of Z = X + Y from (i) in Corollary 1 as
where β > 0, σ > 0, and z > 0.
Corollary 4: Suppose X and Y are distributed according to (1) and (3), respectively. Suppose α = 1 in (1). Then, one can easily obtain the cdf and pdf of Z = X − Y from (iii) in Corollary 1 as
2.2 Plots of the CDF and PDF of Z = aX + bY Using Maple 11, the possible shapes of the cdfs and pdfs of Z = aX +bY are provided for some selected values of coefficients and parameters in Figures 1 to 4 below. The effects of the parameters can easily be seen from these graphs. From these graphs, it is evident that the distribution of z is right skewed. Similar plots can be drawn for others values of the parameters. 
Percentiles
This section computes the percentage points of the distribution of the LC Z = aX + bY , where a > 0 and b are real constants. For any 0 < p < 1, the 100pth percentile (also called the quantile of order p) of the distribution with pdf f Z (z) is a number z p such that the area under f Z (z) to the left of z p is p. That is, z p is any root of the equation
By numerically solving equation (12) for the cdf in Theorem 1.1 using a Maple 11 program, percentage points z p associated with the cdf of Z are computed for some selected values of the parameters. These are provided in Table 1 and 2. superimposed on the histogram of the rainfall data as in Figure 5 , from which we observed that the LC fits the rainfall data reasonably well.
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Concluding Remarks
This paper has derived the exact probability distribution of the linear combination of two independent random variables X and Y , where X has a Rayleigh and Y has a gamma distribution. The expressions for cdf and pdf of the linear combination of two independent random variables are given. The plots for the cdf and pdf, percentile points for selected coefficients and parameters, and the statistical application of the distributions have been provided. We considered the rainfall data and found that LC fitted better than both gamma and Rayleigh distributions. Note that Kibria and Nadarajah (2007) considered the linear combination of exponential and Rayleigh distributions and therefore, Kibria and Nadarajah (2007) is a special case of this paper. We hope the findings of the paper will be useful for the practitioners and encourage the young scientists to do more researches in these topics.
